avnmmff up) tm & pj ^ & $g ( A ) iidwims^ 

#1W-321351 

(43)^10 «7^(1995)12/i8S 

wje^ sffHmmm fi tM7K« 

HO 1L 31/ 04 M 
H 



mm* sm©^ ol (^9d 



(21)fflIB#^ 


#18^6-105249 


(71) {USA 


000001007 










(22)fflSB 


«6^(1994) 5H19H 




JlOTAfflKTA^ 3 T§30# 2 -t 








ftOJ 








A ffl KYAT 3 T g 30# 2 y 














(72)^B^# 










JfOTAffl ETA^P 3 T g 30# 2 y 














(72)fgW§ 


m m 








IOTA ffl KTA^ 3 T g 30# 2 7 














(74)ftgA 


#a± m& aa 








mm\zm< 



(54) [be©***] mmm^mmmm^mmm 



(57) [5*5] 



(51) IntCl. 6 
H 0 1 L 31/04 
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m& $ mmt^ < ess nrcmw<D& 

[»*JH2] i»E«l«©&Kft*t, & x? 

ifi. 

3 ] ammmnmmtf. * ? m ^ms* 

»6> 6ft* H i S«f« t f « 1 £i2«©3ftg« A 

#?©«Mfi&. 

wet *«fati-4»*« i Kia*©^***^ © 
MM. 

imm5] mmw* m, m. tjps, «. 

Hffl3"6^<ifc-o©#tf*»6a:5^t*«#a2:1- 

«*«©&*#*» 6©***«»bTR3Kie* 
3teB«*Jlff©«Hia©«fcEflSfc*V»T. «® 

sist, R*tt©*«ft*R*#tii(nai»*tta3Sf3w 
v»THjrr sig t s^a < i t>rr * £ t £#ts 
i-r«*e«*^©ma«ii©ffiim 

[0 0 0 1] 

nae«*$fB«w, aw£-©«ft*ttteBrr 

[0 0 0 2] 

tft*©a«i a*. «ae»*-rftt)-6coi©jiiDt 

J;SJfi8©fiRte#ra«i&^T£r>, C0 2 £ifc£HU 
£^ U ~>&x*j^-SBB5fi^©!l*!9»S-r*1-K 

[0 0 0 3] «j»©jaBMfc©JSHt3&6»:^x*;v^- 

OHfcsnT^s-r, ±oft*tt©K^^u->ax*^ 

[0 0 0 4] #*JB#£nT^5?y->&X*;l^- 
»©*•(?*>, *»«Urt4*©i"J->«t3fc*ttd:»ft 



2) WP7- 3 2 1 3 5 1 

2 

[0 0 0 5] »fcfta*BMI«©«t»Tt». 7W77X 
5"j3>jMHMlStt. J^*£*ttftX©jUmtc 
ftttfctt'b©©. *B5«Hfc*»*ftTf»-SJ:i:, %W9Mk 

aaanTv»s*»«ft© i ^t&s. 

[0 0 0 6] H5tt, fie*©3tie«*5lt^E57a-^f 
tt*)**»*}l!l i 65?3.-;p©«EBSBIT*5. 0 5 (a) 
tt*mS&ft£?&X8. 0 5 (b) ft, 05 (a) 
Z0 fcfc&tSX-X' tt&©KBH'V$&. 

[0 0 0 7] 05 fcSl/fcfcWt** 1 ? 5 0 011 
5 0 1 ©*Bii±tTa5**S 5 0 2 Titil 5 0 
2 ©*B±IC¥*fMI 5 0 3 £, 5 0 3 ©fSffi 

iifcig&S&Jl 5 0 4 *)K#5B!UHLTfP«Ufc. 
[0 0 0 8] EttSOjfcHMBbSR^TH. ±l$*»i: 
Ta5««»©««»^«S^t*^fe5fcJ6fc. ± 
$*$!©-$ (5 0 5) 6SDRtV>«:ft, ±i$«« 
©SB±C±««S5 0 4©iR^m^T^§*«mg5 
0 6*tft«3tt* (0 5 (a) -<D) . £ ©ifclitt 5 
» 06 ©fPK^rffi t UTB. ^*tt^-X h#fiSX?U 

**«#Si!8«HRftfcJ:<«fflS*iT^*. Sift::©* 
ffiCtO, lil00~150fim, jp*l 0~2 0 u 
m©t>©3j«Ml/^;Hc3lbTV>*. £«tt^-Xh# 

7 7X->'Jn>*limT& #'JlXfW, X$* 
5. 

» [0009] Mmmms o 6©*s&*jRm*a 

T*«;ttn-«5 0 7#. &m«S5 0 6±IC«ff 
(0 5 (a) -©) . ^©&, ftf|«5 0 6 i; 
A7/t-ii5 0 7 £©$MS&#«, **tt&«PJ5 0 

*5 (0 5 (a) -<3» . ^©J:5icm*«5 0 6 i 

/u/t-ts 5 o 7 s«awc**ttSffoT»firr5 

tit*?). ±«*ff»5 0 4A>6©§[Sffll/*ff^ 

[ooio] s&, ;u/t-«5 o 7iSftt©ma 

i/UA-tl5 0 7 t©Httt, HfijRx-^S 0 9# 
[00 11] 

[0012] ®/tx/t-«a*0fs&©ffifitfiffl'&t}-a- 

[0 0 13] ©A^/t-WiftHSl/fc**, S*tt^ 
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(3) 



P7- 3 2 1 3 5 1 



[0014] ®mmmmm,mmphh<\-ii r 

[0 0 15] cnSOIgfctt, fMt^#K, tfofls 

[0 0 16] 0 5T^bfc=t3&*#, T&btSftig* 
*#F©Wltft/h;& < «**ffi©*Sc*«^ft^«^t 

-Wife l*t»IB6-f, »*ffiffif-B^fftt««±i;T 

mmitmMu zti\z$twbxftmmm\*&< taste 

[0 0 17] #3S!9I©B«tt. ft«ttff£%BffiMiffi 
£0RRK*V»T, «5MH4ttfif*OJ»*ttfiSJ»JWSffi 

*2)*?©**Rft. Rr«-o«Jfi*tt*lMW*ci 

[0 0 18] 

m?t* ummm^^mm\zh^xmmnm 

Rim©£Mfl&&®Rft*aMl/TR%&«ft 
*?©0-K*tH?--5;fc©©*ft£S4>fc< tfcWfSft 
«***?©««(|jeffc*V»T, R*8=R©&JS#:tR$ 

[0019] xmnftmnmTnnmmnmmij 

£, R3!ffi«**^©^Hfc*oTR31M«*#P*» 

£. R«tt©&JS#*>5©«rt**ttl,TR*g«a* 

***T©*a«KS©«i6A-Sfc*V»T. RRft©&K 

St, R«K©^8#£R»^{cffiaB««ttS^&ffi 
vvcHJfef*iS£fc£&< tMrrsciftWRit 

5. 

[0 0 2 0] 

sztmrntizz. ^©e*, fie*©***ffit^.« 



[0021] *&, t£*©nitmffi©f£fs (Mtt^- 

» t> ifl LJBMSTflOT* E t tfirc*X 5 ©T, 
ffiP»IBI©*«fi«*»sifi6t&4. 
[0 0 2 2] 

QtdUMiM &TK*»W©*«18«W£SIW1-^ 
[0 0 2 3] (»tt©^Ji#) *5fiMfcffl^6n**« 
10 ©ARfttt. R«©^X«#tl/TJ|V»6tl«Ci:j8» 
6, ffitSlC«t«fi***/MRfc#|lA5Ct©BJiB&. ft 

[0024] m^m^mmmmtmxh-DXh 
nmx&?xb£<mm\zi&cxm%.mRzn&. am 

«tt©&R#©fc«tt, *agifin*£->*F-n*© 
ffl©|tg2 5/tm*>5 2 0 0 /xm©iMI*fflt»*CiT 

«»©«t^*»«»*^sn5. 

a? [0 0 2 5] (*#) fl«JSDfflWBRffi£LTffl^S 

ni*#j4. ±ffi««©^j)«#ti?i«©«^6, «*. 

tt&. A. £, R, ft. -ydr^»©AKft«V»*Zli 

ft. ^BB^y+fWO^y^bfc^Mftffl^Tfelltoft 
VJ. *©#ttfc-3V>Tt>ttfcR£»&<, »RT 

■bRttrfelifefcu. 

[0 0 2 6] ««ttSS»»©^S£fl: 
fit, ■erojtfifit***!!!** t J: oT«&r 
■T5©lC«lfflU5*ttT?»t), i&o. ->*>h££t;£ 
30 HgJ*©afltoffi£#oTV>* 

JWOttffiKlttLTtt. HAtfO. lQcm~100Q 
cmWffSLH. 0. lQcmOT©«&Wiyt 
>h**£C*r<£D, 10 0QcmH±Oi^;ai 
MBHnX!8*;fc*< £©£5ftfi;ir[ffi 

2 Os, T 3 0 2 , Sn0 2 , I TO, ZnO&tfffletffi 

[0027] asc**tt«JiM!iii,m m<n&m 
sinsiii«©^s^©ffls©ga*i»<*ffitt'bfc. 

RlBfcl/Ctt»SMja«3l<, aStto^ftfrWfitfffl 
fcfflHSft*. £©J;?£«fIMi:bT«, StftBMfcttafffi 
50 tRliraitt»JB!9t*5. «8«0^, 0J;L«X 



5 

si?**, 7l^X Zf^y-)V, 7y*«HB*3Wi£ 

[0028] i&nmn&smmt* rmvitmm 
m-?m$Lxfp$nz. u*u 

IMBttffiTl/Tl,*Wf*U<fcK *&, Sfffi^jflD 
[0 0 2 9] JMI«CHtt«^TO5ffllX*&9 5 

y7'J >7*8fl£?&»bTt><fcK #TO&£Htt#St& 

[0 0 3 0] *tt©&JRWz**tt»3ffl?£SMrt.5;£ 
&£UTtt, a#©X:f>UM6©fcRJ§Mfc#8c£#afc: 

3 fc»ffl*ff»JiU iflIB«M#©&f|ft{:: 
[0 0 3 1] *fc, ±EO#«tt«*fflsa*bfci»tt 

©RfcttafcKj&sa-rrfc:. »«ioft*©*sffo 

[0032] eta****) *»iinfffl^6n*3teB 
ha*t (H2) tt, ir«itt**-r5c:t*tasn*7 

©, *tH^U3>3R, #m»5/U3>***^tt3/iJ 

[0 0 3 3] (£#) J£#20 ltt7^7rX->U3 
>©,fc5^»©i:lim»ffl*-&ic, ¥£#J1£«« 

o t, a* 2 o i «, 2 o 3 *durr«i$c!)hi 

»fi«K:»^.4Wll!Mt*»S*Sn**»**tt© ! b©T'b 

«jj«Ht©'b©Trfc«fcv». 
[oo3 4] mmmmthxit, n^Fe, n 



(4) #M¥7- 3 2 1 3 5 1 

6 

i, Cr, Al» Mo. An, Nb. Ta, V, Ti, 
Pt, Pb^©^JS$fctte:tie©-g-^, $JxiiJC-%i$ 

ntvxn, #uxxx;k #ux^i/>, #u*-# 
©«^#> &tf;rn £>©&«©&«, »jg*-h^©« 

IiCJIS#*©&*»Rfttf/*£ttS i0 2 , SisN 
<, Al 2 Os, A 1 N*©ftfttt*RSX/^^& ^ 

[0 0 3 5] (TWHD T8MMI 2 0 2 tt, 
T5Sifel/fc*A*®Dffl-rfcft©-^f©«S7*0, ¥ 

20 Al, Ag, P t, Au, Ni, Ti, Mo, Fe, 
V, Cr, Cu, Xf>l/X, JUS «>5. -£nA, S 
nCh, ImOi, ZnO, I TO^©<^bl0S<£M* 
fti:fctt£&, Kl«l|1*«ttMbtt (TCO) <f*»ffl 
HSn*. T«5««2 0 2©affitt¥»T*<5il£tf»# 

fcT^X^HflSfcLT'b.fc^. iS#2 0 1*t 
»*ttT?*4t*ttT«*ffi2 0 2ttttCKlt«£Stt 

[0 0 3 6] T«*tt©f^«*fttt, M*tf*y*, X 

[0 0 3 7] ftftflzff) ¥$#»2 0 3 tUTtt. K 

«A»«»tUT-jRfcffiffl*n«^a©*j»fri»Ks 

^©^SWMtUTtt, M*ttp i n«£#F 9 R->'j3 
>®, pnS^MS'>Un>l, CuInSe 2 /C 

XV&tt$%4$-&57*5XVC VD«C3»Af« H i 
^^i^H* U 3 >l©«^tt, flX.U»H^U 3 

»Kft»riE-r«*ife«i**. *&, ¥«#sa«cu i n 

Sei/CdS©*^t m-T¥-mm. My* 

[0 0 3 8] CbtfttD ±«5€S 2 0 4 tt, ^^#Jf 
T^*bfc:^«i*^ffiDffl-rfcs5©*ffiTfeD, T«* 
S2 0 2 i:M^^Tfcfe©fe©T*-5o ±Hti2 0 4 
tt, 7^7 TXy'Jn >©£ 5 *- hfflMcWd ^* 
*#©«£EiHRT?* 0 , »ft3R©*HfWTtt5/- h 
50 mfflfi&Wctbmz>mt\tLtS.\\ 1HI2 
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0 4f4. #AW*fctt*1-*fc», ■mt&zzLtim 

ire, ^mstiftfnsz: ±^mffi2 04 
*#jb t# bit^tsj cam* j; 5 c-r * c us 

ttHttl OOQ/D&TT**E£*«S*U». -©<£ 
SJMW****.fclWil/Ttt, Mi«Sn0 2 , Ini 
Os, ZnO, CdO. CdSnCu, I TO (IihOj 

+ sno 2 ) KzommMmvfznz. 

[0 0 3 9} * 



[0040] mmm i ) #*KW4. ut«x 

[0 0 4 1] S3 1 (a) 14. »*ttffi£^Lfcffi£± 
*39>6Jl&BWBT**. 01 (b) 14, 01 (a) fc 

[0 0 4 2] H>fi<!>%jB*;&*?l 0 1S4, SlIC^L 







X7->]/7>gM/l 2 5 urn 




ZnOH / 5 0nm 


HfWtiUL 


a Sa-Sil / 1 5 nm 


ZnOBI 


i MaSiS /4 0 0nm 


n Sa-SiH 


P m&SiM / lOnm 


i ^a-SiS 


ITOg / 5 0nm 


P 2!a-Si/g 



[0 0 4 3] ^t, ITO0l7f>^» mBFe 

c i s ) h s. ^fi***? i o i ©*ffi± 

<V n*—>\ 0 3©±5fcX#U->TOL£. *•© 39 
«*ft»"r«^tC«fcD, ITO»©-fS£P£3;t, 

[0 0 4 4] »i£1-5giii*ffid:T«B«at©« 
S^^(Ct5fc*> WMKl 0 2 ta£S»ffiiBt«t 

-t/l 0 4£ft!;#Ufc. 
[0 0 4 5] SSI;:, #>MSH«tt7 L -'/10 4© 

mnz\x mmwmvmmfctLTmz 1 o o 

Jt m©m?g 1 0 6 tft, WiittcD^ffl-r-y 1 0 5 fc«fc 0 40 

B^«©WM7 1 -^i:L'TttJf*-5 0 Mm© 
ft£ 3 MS VH B 9 4 6 0 y—?*m VTc. 

[0 0 4 6] Hlfc*l/&7'f^-l 0 7tt, it 

1100 jimffl^t-l;, ^»**ttS5#3W*a* 

[0047] mz, tiamm&mmmu-T-izm 
^-rsxecwLT, H3ftfflv>TRwr*. mv-i* so 



-3 0 1(4. M7-f-V--*ai0aif U-;U3 0 2^6W 
B**tt«£*J©A:?fcgg3 0 3, ^<X3 0 4, I 
R*P3 0 5£ST> «7'fir-SII#]R«U-;>3 0 6 
TlMSnfc. £©R#. jffl£*«£^Ntt#ig3 0 
3©«t»fc2 0 0 ccAoT*D, 7-f *-©JM»*l m 
/ml nT#**6n«J:3CU-^03M6WH»Sn 
TH*. ^7-f-¥-3 0 1S4, g|§3 0 3SjffilU ? 
<X3 04tiD40-50/i m©j$J¥ Tf«fitt$ 

*jw«»a**n&a, tftimTWS*n 2 ore 
ttssnfc 1 RiPrtT««*n&o , 6, ±«u-;nns 

[0 0 4 8] K±©«ffi«^fc«fcD. zmmwrnm 
■>U3>©mi«i 0 2-et?< snfc«*tt, 
«T*5iaiH««tts*S!i*»aiftan&*B7-fi'-fc± 

9*«Sft> tMB»7<ir-CB£Sft&ffie«ft«« 
lot IHSft*. Sfc, *ffi«ffc:feV>Ttt 

mmmmw z n oR*^uT^x>^«««t d j& 

[0 0 4 9] MiBi&l«©&R#:£lWiB»&£&lf 
niOMV^W. 04(4, H 1 K*l/fc«HK8* 



3. 7VXB40 1I3, X7-vU>y-ICJ;DJtT» 
^AtT^SH^FKWftsawUfctxOT*!), -f?7 
©8«fcT*»£HC*y M;>htt©i£*tt&*M£ 

a#anfc«7^-)W«3n5. *©a, 20 or; 

fcln»$nT««tt4 0 2at»oT*i7VXiBfc-C. 
2kg/cm 2 ©ffi*Tiin^Jn3fiE1-5^i:fcj:l3 > MG 

H2 



#BB¥7-3 2 13 5 1 

10 

2#fWT®0ti3Lfe<, -3SDC©XSIil 5#S«T5S 

7-r*. he*, ^-x noMfiat«*i 

Sfctt, £fettTl«WS**BLfc. fox, ##)© 

fftt^rttttiaEofeofcifc-^MttjwiK ate 

$1 7 -Y +— *3tfi«* OttftlT K HJfct * IB fe > 
fft^n-l:*'; h^htt©*«ffl££2BI£l* 

[0 0 5 0] ST, S2«, ^*©^-XhCDEP»JSir 
5. M. £©&£«> 3 0cmX3 0cm®«*$ 







m%i3 


mm* 






7. 78 


7.82 


7.85 


7. 72 


Rs (Qcm s ) 


30.3 


24.6 


27.6 


27.9 


Rsh (kQcm ! ) 


80.5 


102.1 


76.4 


92.2 



[0 0 5 1] #0H©3feg«7JS!lTB«, Wf2^7i-^- 50 

fAO->"J-XSiRs^3 0. 3Qcm 2 T*-50t 
»UT\ *^0^E*^^ : fB0Rstt2 4. 6Qcm 
l T*oft. ->U-XfgjnRsH, ttt»B£ff*l/l>C 

fc. *MfflMAIfBfi £»8M6£:LT*>SlfiL- 

[0052] a±©«#*6, mwizzmmmm 
mizxm-cftHmimtmm&m ens c t 

[0053] 2 ) *mffim-?\i, mmm i 

T©4^S%-5. 
(1) H10«#1O4£. ffSlOO/imOSftL 



(2) HlOtfftl fiftl 0 0/im©7;U5 7 
-f *-fc*J&!^fctt©**tt»*SiJ£ 3 0 ~ 5 0 Mm 

(3) S»«fctt©**tt«*»J£:LT, 
£itfct>©£fflWfcj&. 

(4) h7>X$fc£oTln!fg*#fcB 

[0054] ffiwjstt, uss^i i tmmtLtc, 

[0 0 5 5] *tMTffl^£ItfI$*y h7V* 
PO. MEEJPJIIC1 OIMBT**. *©«, 2#fWTWD 
[0 0 5 63 r©^(C«t0. WiBT^SC-f^-tW 

[0057] *«©*«wiftqrr*3efflt**f cic 

*V»Ttt, ^U-XfiStRs*«2 7. 6Qcm ! ,f« 

»*#7. 8 5xtv»5»* (*2) ##sn&. -rs 



(7) 



#M¥7-3 2 1 3 5 1 



11 

01©gfi#l 0 1 0 5&£ftje*.Tt>, #X 
fcSMHH^Jl^XhfcU&lt*, #09©#fi*;*j* 

[0058] ckhm 3 ) *ftiwrei& i 

T04/IWW&*. 

(1) HlOfiStf 1 0 4£, S$ltfmiSO^y + 

1 0 0 /imj*©7j]/5i6il/fcja. 

(2) HlOVftl 0 5£, [Igl 0 0/im©&<7^ 
-fc^©^fctt©*«tt«SB»£4 0-5 0 limit 

(3) «HSfttt©i»«ttS*JWi:UT, V]/9>®m\Z 
^ny^-ivi/r^-Ytify-yr-ih, ZnO^i 

(4) «7-f^-t«ffifl:ffi©**tt»3if»i*aflrr« 
[0 0 5 9] «!©&«, 

[0 0 6 0] *WTflV>fc7<^-©jSflEtt0. 5m/ 
mint?*!?, IRJP©Rjefl«ttl4 5lCT*«. S 

2 0#MTfe5. *©«, 2«MBTJR0ttlUfc. 
[0 0 6 1] CO^feCfcO, tfflH^y^^-iWIB^ 

[0 0 6 2] *«©*«MS*f53tfi«**TDfc 
*V»Ttt, vU-XfittR s#2 7. 9Bcm ! , ^ 

7 2xt^5iie* (*2) *t#snfc. -r& 

t>%, Bll©ffl|fl 0 4-^ 1 0 53&:£«XX.T<b t 

T, jtSft 1 ^ ^-©jgffi i I R*P©iS:£fig?£jStRL 



12 



[0 0 6 3] 

i ) eutKw b&«k 5 c, ar#$ i 
ictna, ««©^s*&*a^ffifcSBfitT8!ft3 

t>TIWfcHJ£T*!:i*«W«£&*&»&, 01 ©8W 
1 0 4*SKtl 0 5, *±CfflMBfttt©*«tt»#JW& 

[0 0 6 4] W*«6) tt*g6Cff«XH£J:tl 
tt. ffi#©£**«£#«Jft I) fflWB«tti 
K. 'MTSo fc8«ffifi;f #J© J:t*RftfP«*» 

fco ll$©&M#£fiffi^«;:i3SLT«fl;S 
[0H©ffi#^WBJ] 

ra i ] mmm i £ffi$«ffiifj^KRgBi'?&*. 

[02] 1 C«SJtfi**#^©RISHTr**. 

[0 3] ftttM 1 Cff*«tt©6ltfl%TO>£jtlc;bfc 

[^4] nffl^i i mzwww&mtmmzmnm 
*w*ffl^THS-r*8tt©KwiaT**. 

[0 5] #*Wfc«5*B*a*?t$?a-;V©KKH 

[06] tiMfciS^it^lftyi-^©^ 
£^T0T&3o 

ioi 3te«**^, 

1 0 4, 5 0 9 ®Rttr~7\ 

1 0 6. 5 0 7 /U/t-JIMWffi, 

10 7, 506 mum, 
201.501 msu 

2 0 2, 502 mmmm, 

40 2 0 3. 5 0 3 *Wm> 

204, 504 ^mnmMc 
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(9) 
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(nmm mm mm 



